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Abstract
Supersymmetric SO(10) models are very attractive phenomeno-
logically and one would like to be able to select one of the symmetry
breaking patterns. Unfortunately, from a particle physics point of
view, there is considerable freedom in doing so. On the other hand,
the impact of these symmetry breaking patterns on the standard Big-
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Supersymmetric Grand Unied Theories with supersymmetry broken at
 10
3
GeV solve many of the outstanding problems in particle physics. In
this class of theories the couplings merge at  10
16
GeV [1]. Supersymmetry
also solves the hierarchy problem. Supersymmetric SO(10) is consistent with






and the unication of the three gauge
coupling constants at  10
16
GeV [1]. It also beautifully solves the question
of fermions masses [2]. Furthermore it leads to a relation for tan , unknown





[3]. SO(10) also contains an unbroken matter parity which lies in the
center of SO(10) [4]. The latter can suppress rapid proton decay and provide
a good cold dark matter candidate in the form of the Lightest SuperParticle.
Now, introducing a 126 and a

126 in the supersymmetric model, implements
the see-saw me
Thus, supersymmetric SO(10) is very attractive from a particle physics
point of view and can also help to solve some cosmological problems. There-
fore it should be interesting to select one of the breaking patterns. Unfor-
tunenately, without invoking string compactication, there is considerable
freedom in doing so. However cosmological considerations allows us to select
some of these breaking schemes. Indeed, according to the Kibble mecha-
nism, when symmetries spontaneously break down topological defects form.
However, if present today, monopoles and domain walls would dominate the
energy density of the universe and are therefore in conict with the standard
Big-Bang cosmology. On the other hand cosmic strings can explain structure
formation and part of the baryon asymmetry of the universe.
We derive below the cosmological constraints on breaking schemes of
supersymmetric SO(10) down to the standard model due to the formation of
topological defects. The symmetry breaking patterns, relevant from a group


































































































































! SM  Z
2
(11)






. In models (1) to (6), we break
SUSY at 10
3













. In models (7) to (11), we also break SUSY at
 10
3
















. In the latter cases, the Z
2
symmetry
remains unbroken down to low energy, and acts as matter parity.















GeV. Indeed, the scale M
U
is xed by the unication of



















GeV. The scale M
G
must be greater than
the unied scale M
U










The conditions for topological defect formation during the spontaneous
symmetrybreaking of non supersymmetricLie group G to a non-supersymmetric
Lie group H are well known; they are associated with the connection of the
vacuum manifold G/H. Now one may worry about the non Lie nature of the
superalgebra. Fortunately, it has been shown [9] that the superalgebra is
Lie admissible and that much of the Lie algebra theory may be extended to
it with the appropriate modication. In particular, a connected (super)Lie
group structure persists [10].
Hence, the formation of topological defects in supersymmetricmodels will
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therefore be the same as in non-supersymmetric ones. That supersymmetry
be broken or not at the phase transition will not aect the conditions under
which topological defects form. The defect formation and stability conditions
are therefore as follow.
The spontaneous symmetry breaking of a group G down to a subgroup
H leads to the formation of domain walls if 
0
(G=H) = I, to the forma-
tion of monopoles if 
2
(G=H ) 6= I and to the formation of cosmic strings if

1
(G=H) 6= I. Note that when we denote a group G (respectively H), we
really mean the supersymmetric version of this group, and when we write
SO(10) we mean its universal covering group Spin(10) (supersymmetric)
which is simply connected. Now let's consider the phase transition associated
with the breaking of SO(10) down to a subgroup G of SO(10). Since Spin(10)









and therefore the formation of monopoles and strings during the Grand Uni-





respectively. If G breaks down later to a group K, monopoles formed during
the rst phase transition will remain topologically stable after the second
phase tr
If the rst phase transition leaves an unbroken U(1) symmetry which
later breaks to unity, that is if the breaking pattern is like G! H U(1)!
H where G and H are both simply connected, then 
2
(G=H  U(1)) =

1
(H  U(1)) = Z and monopoles form during the rst phase transition,
they are topologically unstable. Now 
1
(H  U(1)=H) 6= I and therfore
cosmic strings form at the second stage of symmetry breaking. They con-
nect monopole/antimonopole pairs of the rst phase transition. Some closed
strings can also form. The whole system of strings decay in less than a Hubble
time [12]. If we now have a breaking pattern of the form G! H  Z
2
! H













-strings form during the rst phase transition, they are topo-
logically unstable. The discrete Z
2
symmetry breaking leads to the formation
of domain walls at the second
Several years ago, ination was constructed to solve the primordial monopole
problem. The solution is that ination makes the distance between dierent
monopoles exponentially large, and hence their density very low. However,
ination not only solved the monopoles problem, but also the domain wall
problem, the atness problem and the horizon problem. Therefore it seems
likely that ination has to occur somewhere, unless we nd other solutions to
4
the latter problems. Now temperature uctuations on the Comic Microwave
Backgroud Radiation gives an upper bound on the density perturbations
produced in the early universe and thus on the temperature at the end of
the inationnary phase T
end








is the Planck mass [13]. Therefore, in the symmetry breaking patterns of
SO(10) down to the standard model with an intermediate scale, ination
must end after the rst phase transition has taken place. Now if the inaton
eld couples t
Monopoles connected by strings and domain walls bounded by strings
do not seem to aect the standard Big-Bang cosmology in any essential
way. But if the universe undergoes a period of ination before the strings
(respectively walls) form, then the picture is very dierent. Then monopoles
(respectively strings) are inated away and the strings (respectively walls)
decay is negligible and their evolution is that of topological stable strings [12]
(respectively walls [11]).





symmetry, the intermediate symmetry group is




symmetry which breaks at the following phase transition.































































strings form during the
rst phase transition. When the discrete Z
C
2
symmetry breaks, domain walls
form bounded by the strings of the previous phase transition. Some closed
walls can also form. This occurs in (1), (2), (7), (8) and (9).























. In direct analogy with electroweak strings [16],
embedded defects form during the second stage of symmetry breaking. They




GeV. Their stabilty conditions
can be computed.
Now in models (2), (7), (8) and (9) cosmic strings form, during the rst
phase transition in cases (2), (8), and (9) and at the second stage of symmetry
breaking in case (7). They are associated with the unbroken Z
2
symmetry





GeV whereas   10
32
GeV in the other ones. Since the
discrete Z
2
symmetry remains unbroken down to low enegry in models (7),
(8) and (9), cosmic strings produced there are topologically stable. They are
unstable in model (2).
In all ve cases involving the unbroken Left-Right symmetry as inter-
mediate scale topologically stable monopoles are produced during the rst




GeV. If the universe undergoes
a period of ination which ends before the second phase transition takes
place, monopoles and cosmic strings produced during the rst transition are
inated away and the monopole problem is avoided. But since strings pro-
duced during the rst phase transition, which latter become boundaries of
domain walls, are also pushed beyond the horizon, we are left with the do-
main wall problem. The conict with the standard cosmology of these models
is therefore not avoided.
SU(5) as intermediate scale. When the intermediate scale involves SU(5)
as a subgroup, say cases (4), (5) and (10), the scaleM
U
has to be  10
16
GeV
and consequently the scaleM
G








and therefore cosmic strings form during the
rst phase transition in model (10). They have a mass per unit length
10
38
GeV    10
32
GeV. These strings remain topologically stable down
to low energy.
Now since a U(1) symmetry is left unbroken in the three models, they
all involve monopole production. They are created during the rst phase
transition in model (5) and during the second phase transition in the other
ones. Embedded cosmic strings also form in (5) [17].
The three models are therefore in conict with the standard cosmology.
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However the monopole problem could be resolved if ination comes in and
ends after the second phase transition has completed. In case (5), if ination
ends before the second phase transition takes place, then we have a scenario
where monopoles are produced inated away and then embedded strings
form. Density perturbations in the early universe and therefore structure
formation and uctuation in the Cosmic Microwave Background radiation
will have to be explained by a mixed scenario. This is being studied [18].











) = Z +Z and therefore topological monopoles form during the rst














) = Z and hence, from an homotopy
point of view, the monopoles are topologically stable. But as we are going
to show below, some of these monopoles are indeed topologically stable, but
some others will decay.
During the second phase transition, the formation of strings is governed

















) = Z showing the formation of cosmic strings during the












in the rst stage of symmetry breaking is responsible for the formation of
monopoles. Now the weak hypercharge Y=2 is a linear combination of B 
L and R, Y=2 = 5=4((B L)   R). Therefore primordial monopoles with
topological charge (B L)   R get connected by the strings at the second
stage of symmetry breaking. Some innite and closed strings can also form.
These cosmic strings are topologically unstable. They can break producing
monopoles-antimonpoles pairs at the free ends. The monopole/antimonopole
pairs connected by strings anni
This model is in conict with cosmology. But one can imagine neverther-
less, that an inationary scenario occurs during the second phase transition
takes place, before the actual symmetry breaking occurs. In that case the pic-
ture will be very dierent. The monopoles can be pushed beyond the present
horizon, and the monopole problem can be solved. Furthermore, since all
the monopoles are inated away, the string decay probability is negligible
and the evolution of strings is identical to that of topological stable strings.
We therefore have a very interesting breaking scheme, were monopoles are
7
created during a rst transition, inated away before cosmic strings which
can explain galaxy formation, form. This could be implemented using the
superpotential of ref. [15]. It will be studied elsewhere [18].
Breaking directly to the standard model with (model (11)) or with-
out (model (6)) the unbroken matter parity. In these two scenarios





Again, due to the unbroken U(1)
Y
symmetry, monopoles form at the Grand
Unied phase transition. They carry Y topological charge and are topologi-
cally stable down to low energy. Their topological charge may change from
Y to Q.
The scenario without the unbroken Z
2
symmetry is not, with the present
data for proton decay, relevant phnomenologically. It is also nescessary for
stabilising the LSP and to provide a good cold dark matter candidate.
On the other hand, in model (11) the Z
2
symmetry remains unbroken
























and therefore cosmic strings form. They are associated
with the unbroken Z
2
symmetry and since the latter remains unbroken down
to low energy, the strings are topologically stable down to low energy. They
have a mass per unit length   10
32
GeV. The latter could account for the
density perturbations produced in the early universe which lead to galaxy
formation and to temperature uctuations in the CMBR.
Since monopoles form in both models, the potential conict with the
standard big bang cosmology is again not avoided. Nevertherless, in model
(11), if the Higgs eld leading to monopole production takes its Vacuum
Expectation Value before ination ends and the latter ends before the Higgs
leading to cosmic string formation acquires its VEV then we are left with a
very attractive scenario. This can be implemented using the superpotential
of ref.[15]. This particular model will be studied in details elsewhere. [18].
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